INTRODUCTION
Out-of-hospital cardiac arrest (OHCA) is a leading cause of death in the industrialised world. [1] [2] [3] [4] Although improvements in the chain of survival including the development of a public-access defibrillation system and revisions to cardiopulmonary resuscitation (CPR) guidelines have led to increased survival after OHCA of cardiac origin in some communities, [5] [6] [7] the outcome after OHCAs of noncardiac origin remains generally poor. [7] [8] [9] [10] [11] [12] [13] Importantly, 20-40% of adult OHCAs were reportedly of non-cardiac origin. [7] [8] [9] [10] [11] [12] [13] However, epidemiological characteristics of OHCA of non-cardiac origin have not been sufficiently investigated as much as those of OHCA of cardiac origin. Therefore, the evaluation of characteristics, trends and outcomes by detailed non-cardiac cause and understanding the factors associated with the outcomes are needed to improve the survival after OHCAs of non-cardiac origin.
The Utstein Osaka Project is a large prospective population-based cohort study of OHCA in Osaka, Japan, covering about 8.8 million residents. 5 During the 7 years from 2005 to 2011, we enrolled approximately
Strengths and limitations of this study
▪ This study showed that 1-month survival after out-of-hospital cardiac arrestss of non-cardiac origin was poor and the survival trends did not improve year-by-year in Osaka during the study period from 2005 to 2011. In addition, survival exceedingly differed in detailed non-cardiac origin. ▪ The category of presumed non-cardiac causes is made clinically, as per the Utstein-style international guidelines for cardiac arrest data reporting. ▪ Information on postarrest cares that might affect survival after OHCA is lacking.
14 000 cases of OHCAs of non-cardiac origin before Emergency Medical Service (EMS) arrival. The present study aimed to evaluate the epidemiological characteristics of OHCAs by detailed non-cardiac cause. In addition, we evaluated factors associated with the outcomes after OHCAs of non-cardiac origin in a multivariate analysis.
METHODS

Study design and setting
The Utstein Osaka Project is a prospective, populationbased registry of OHCA that is based on the standardised Utstein style. 14 15 This study enrolled adult patients aged ≥20 years suffering OHCAs of non-cardiac origin before EMS arrival, who were resuscitated by EMS personnel or bystanders, and were transported to medical institutions in Osaka Prefecture from 1 January 2005 to 31 December 2011. In this study, we excluded paediatric patients with OHCA because characteristics and outcomes from OHCAs differed between children and adults. 16 17 Cardiac arrest was defined as the cessation of cardiac mechanical activity as confirmed by the absence of signs of circulation. 14 15 In this study, the arrests were classified into those of presumed cardiac origin and non-cardiac origin, the latter resulting from external causes, respiratory diseases, malignant tumours, strokes and any other noncardiac causes based on hospital medical records. Furthermore, external causes were divided into seven categories: asphyxia, hanging, fall, drowning, traffic injury, drug overuse and unclassified external causes. These diagnoses were made clinically by the physician in charge, working in collaboration with the EMS personnel.
EMS organisation in Osaka
Details of the EMS system in Osaka were described previously. 5 Osaka is the second largest prefecture in Japan with a population of approximately 8.8 million inhabitants in an area of 1892 km 2 . In Osaka, there are 34 fire stations with emergency dispatch centres. The EMS system is operated by the local fire stations. When called, an ambulance is dispatched from the nearest fire station. Emergency services are provided 24 h each day by them, which are single-tiered in 32 stations and twotiered in 2 stations. The latter use medics followed by physicians.
Most highly trained prehospital emergency care providers are called emergency life-saving technicians (ELSTs). Usually, each ambulance has a crew of three emergency providers including at least one ELST. They are allowed to insert an intravenous line and an adjunct airway, and to use a semiautomated external defibrillator for patients with OHCA. Specially trained ELSTs have been permitted to perform tracheal intubation since July 2004 and to administer intravenous epinephrine since April 2006.
Do-not-resuscitate orders or living wills are not generally accepted in Japan. EMS providers are not permitted to terminate resuscitation in the field. Therefore, almost all patients with OHCA who were treated by EMS personnel were transported to a hospital and enrolled in the Utstein Osaka Project, excluding those with decapitation, incineration, decomposition, rigor mortis or dependent cyanosis.
CPR and AED training for the general public
The use of an automated external defibrillator (AED) by citizens has been legally permitted since July 2004. In Osaka, approximately 14 000 citizens per year participated in the CPR training programmes, consisting of conventional CPR including chest compressions, mouth-to-mouth ventilation and AED usage by local fire departments, the Japan Red Cross, Inc and the Osaka Life Support Association. 5 All EMS providers perform CPR according to Japanese CPR guidelines. 4 Data collection and quality control Data collection was prospectively conducted using a form that included data recommended in the Utstein-style reporting guidelines for cardiac arrests. 14 15 These data included gender, age, first documented cardiac rhythm, witness status, location of arrests, activity of daily living (ADL) before arrests, time courses of resuscitation, type of bystander-initiated CPR, public-access AED use, intravascular fluid, tracheal intubation and administration of intravascular epinephrine as well as prehospital return of spontaneous circulation (ROSC), total ROSC, 1-month survival and neurological status 1 month after the event. First documented rhythm was recorded and diagnosed by the EMS personnel with semiautomated defibrillators on the scene, and confirmed by the physician who was responsible for the online medical direction. Bystander CPR included chest compression-only CPR and conventional CPR with rescue breathing. A series of EMS times of call receipt, vehicle arrival at the scene, contact with patients, initiation of CPR, defibrillation by EMS and hospital arrival were recorded automatically at the dispatch centre.
The data form was completed by the EMS personnel in cooperation with the physicians in charge of the patients, and the data were integrated into the registry system on the Information Center for Emergency Medical Services of Osaka, and then checked by the investigators. If the data sheet was incomplete, the relevant EMS personnel were contacted and questioned for data completion.
All survivors suffering OHCA were followed up for up to 1 month after the event by the EMS personnel in charge. One month neurological outcomes were determined by the physician responsible for treating the patient, using the cerebral performance category (CPC) scale: category 1, good cerebral performance; category 2, moderate cerebral disability; category 3, severe cerebral disability; category 4, coma or vegetative state; and category 5, death. 14 15 Outcome measures The main outcome measure was 1-month survival. Secondary outcome measures included prehospital and total ROSCs, admission to hospital and 1-month survival with neurologically favourable outcome. Neurologically favourable outcome was defined as CPC category 1 or 2. 14 15 Statistical analysis In this study, patient and EMS characteristics of OHCAs of non-cardiac origin and their outcomes were compared between the groups using unpaired analysis of variance for numerical variables and χ 2 test or Fisher's exact test for categorical variables by cause of arrest. First, noncardiac causes were divided into the following five groups: external causes, respiratory diseases, malignant tumours, strokes and any other non-cardiac causes. Next, external causes were further divided into asphyxia, hanging, fall, drowning, traffic injury, drug overuse and unclassified external causes. Age-adjusted annual incidence of OHCAs by non-cardiac origin was calculated by the direct method using 2005 census data and 1985 Japanese model population. 18 19 Poisson regression models for the trends in the incidence and 1-month survival rate were used. Multiple logistic regression analysis assessed the factors associated with 1-month survival and neurological favourable outcome, and adjusted ORs (AORs) and their 95% CIs were calculated. As potential confounders, factors that were biologically essential and considered to be associated with clinical outcomes were taken in the multivariable analyses. 7 These variables included age (20-64, ≥65 years old), gender (men, women), witness status (none, witnessed by bystanders), ADL before arrests (good, other), first documented rhythm (ventricular fibrillation (VF), non-VF), bystander CPR status (none, compression-only CPR, conventional CPR), type of non-cardiac causes (the 11 categories described above), location of arrests (homes, public places, work places, healthcare facilities, others), intravascular fluid (yes, no), intubation (yes, no), epinephrine (yes, no), EMS response time (call to contact with patients) and year of arrest. In addition, we conducted a multivariate analysis of 1-month survival from OHCAs of non-cardiac origin after dividing the two groups: internal (respiratory diseases, malignant tumours and strokes) and external (asphyxia, hanging, fall, drowning, traffic injury and drug overuse) causes.
All statistical analyses were performed using the SPSS statistical package V.21.0J (IBM Corp, Armonk, New York, USA). All of the tests were two-tailed and p values of <0.05 were considered statistically significant. Figure 1 shows an overview of the study patients based on the Utstein template. A total of 47 735 adult arrests were documented during these 7 years. Resuscitation was attempted in 43 845, and 15 505 of these were of non-cardiac origin. Excluding 1341 victims who were witnessed by EMS (arrests after EMS arrival), 14 164 (5561 in bystander-witnessed cases and 8603 in non-witnessed in table 2 and their outcomes in table 3. The mean age of all patients with OHCA of non-cardiac origin was 66.8 years and males were 58.0%. The proportion of bystanderwitnessed arrests, ADL before arrests, first documented rhythm, type of bystander CPR and advanced life supports such as intravascular fluid, intubation and epinephrine, exceedingly varied between the five groups. In all patients, the rate of 1-month survival and neurologically favourable outcome was 5.3% and 1.3%. The proportion of 1-month survival was 6.2% in external causes, 6.5% in respiratory diseases, 0.8% in malignant tumours, 4.9% in strokes and 4.1% in others. Furthermore, patient and EMS characteristics of OHCAs from external causes are shown in table 4, and their outcomes in table 5. The characteristics and outcomes varied between the seven groups. The proportion of 1-month survival was 14.3% in asphyxia, 4.2% in hanging, 0.7% in fall, 1.1% in drowning, 1.6% in traffic injury, 3.7% in drug overuse and 1.6% in unclassified external cause. The proportion of bystander chest compression-only CPR and conventional CPR with rescue breathing was 23.2% and 13.1% in whole OHCAs of noncardiac origin, and 22.1% and 14.3% in bystanderwitnessed OHCAs. Table 6 shows factors contributing to 1-month survival and neurologically favourable outcome after OHCAs with non-cardiac origin. In 1-month survival, adults aged <65 years old (AOR 1.36, 95% CI 1.12 to 1.65), arrests witnessed by bystanders (AOR 4.13, 95% CI 3.35 to 5.09), good ADL before arrests (AOR 1.23, 95% CI 1.03 to 1.47), VF as first documented rhythm (AOR 2.04, 95% CI 1.42 to 2.92), public places (AOR 1.45, 95% CI 1.10 to 1.91), intravenous fluid levels (AOR 1.45, 95% CI 1.14 to 1.84) and early EMS response time (AOR for one-increment of minute 0.92, 95% CI 0.90 to 0.095) The AORs of neurologically favourable outcome after OHCAs of non-cardiac origin were almost similar to those of 1-month survival. Subgroup analyses after dividing the two groups (internal and external causes) are shown in online supplemental table. As for internal causes, arrests witnessed by bystanders (AOR 2.86, 95% CI 1.99 to 4.11), VF as first documented rhythm (AOR 2.35, 95% CI 1.30 to 4.24) and public places (AOR 2.01, 95% CI 1.21 to 3.36) were associated with improving outcome. As for external causes, adults (AOR 1.51, 95% CI 1.17 to 1.96), arrests witnessed by bystanders (AOR 5.03, 95% CI 3.71 to 6.81), good ADL before arrests (AOR 1.34, 95% CI 1.08 to 1.67), intravenous fluid levels (AOR 1.69, 95% CI 1.27 to 2.25) and early EMS response time (AOR for one-increment of minute 0.93, 95% CI 0.90 to 0.96) were associated with improving outcome.
RESULTS
DISCUSSION
The extensive OHCA registry in Osaka showed that 1-month survival after OHCAs of non-cardiac origin was poor and the survival trends did not improve year-by-year. In addition, survival differed by detailed non-cardiac origin. To further improve survival after OHCAs, as much attention should be paid to the epidemiological characteristics of OHCAs of non-cardiac origin as is paid to those of OHCAs of cardiac origin, and this study, describing the actual situation regarding the incidence and outcome of OHCAs of non-cardiac origin, provides valuable information to improve the survival.
Our study observed that the outcomes of OHCAs of non-cardiac origin were poor and stable during the 7 years. In a previous study in Japan, neurologically favourable outcome of bystander-witnessed OHCAs of non-cardiac origin increased from 2005 to 2011, but the absolute survival was very low, 7 and this result was similar to ours. Improving the outcome of OHCAs of noncardiac origin poses an important problem in resuscitation science because 20-40% of adult OHCAs are of non-cardiac origin. [7] [8] [9] [10] [11] [12] [13] In addition, survival exceedingly differed by detailed non-cardiac origin, which also suggests the need and importance of an origin-specific strategy for improving the outcomes.
We also showed that the OHCA incidence trends differed by detailed non-cardiac origin. For instance, the incidence rate of OHCAs due to strokes significantly decreased during the study period. Although the reasons for the decrement were unclear, better blood pressure control and decreasing smoking rate in recent years in Japan might be one of the possible explanations for this phenomenon. 20 In fact, the number of patients with stroke in Japan has also been decreasing. 21 On the other hand, the incidence rates of OHCAs from external causes in our region increased and the outcomes after OHCAs from external causes excluding asphyxia were miserable. However, there were regional variations on the incidence and outcome of OHCAs from external causes. 22 23 For example, external OHCAs due to trauma, drug overdose or hanging in a metropolitan area of Australia were more common and survival rates from traumatic and hanging-associated OHCAs were not always futile, and the countermeasures would, therefore, differ by regions. Most importantly, more efforts should focus on prevention of OHCAs from external causes because many of them are preventable. [1] [2] [3] [4] In a multivariable analysis, intravenous fluid administration was associated with better 1-month survival after OHCAs of non-cardiac origin. In preceding studies, prehospital intravenous fluid for OHCAs including cardiac and non-cardiac origins was not associated with the improved outcome, 24 whereas intravenous access was associated with a reduction in hospital mortality among non-injured, non-cardiac origin arrest patients. 25 Thus, the effects of fluid administration on prehospital emergency patients were under debate, and further investigations by other cohorts or randomised controlled trials are needed to confirm these associations.
In this study, a multivariate analysis also underscored that either bystander-initiated chest compression-only CPR or conventional CPR with rescue breathing was not effective for OHCAs of non-cardiac origin. From a nationwide study focused on 43 000 bystander-witnessed OHCAs of non-cardiac origin, we demonstrated that conventional CPR with rescue breathing had an incremental benefit for OHCAs of non-cardiac origin, but the impact on overall survival after OHCA was small. 8 Considering these results, the effectiveness of bystander CPR on OHCAs of non-cardiac origin in our region might be related to the significantly high rates of attempted EMS resuscitation in Japan compared with western countries. 22 26 However, as recommended in the CPR guidelines, [1] [2] [3] [4] bystander CPR plays a key role in the 'chain of survival' and increasing the proportion of performers of bystander CPR for patients with OHCA is important.
Furthermore, factors such as arrests witnessed by bystanders and earlier EMS response time were also independent predictors of better outcome after OHCAs of non-cardiac origin in a multivariate analysis. This would indicate the importance of early EMS activation in the chain of survival [1] [2] [3] [4] and suggests that activating the EMS system quickly leads to improving the outcomes after OHCAs of non-cardiac origin. In addition, verification of the effects on prehospital emergency care as well as in-hospital treatment is essential to improve survival after OHCAs of non-cardiac origin.
The present study has some inherent limitations. First, the category of presumed cardiac or non-cardiac causes is made clinically, as per the Utstein-style international guidelines for cardiac arrest data reporting. 14 15 Second, information on postarrest care is lacking. In-hospital treatment (eg, haemodynamic support, cardiovascular intervention, induced hypothermia) might affect survival after OHCA. 27 Third, unmeasured confounding factors may have influenced the association between OHCAs of non-cardiac origin and the outcome.
CONCLUSION
The large OHCA registry in Osaka demonstrated that 1-month survival after OHCAs of non-cardiac origin was poor, the survival trends did not improve year-by-year, and survival differed by detailed non-cardiac origin. Further monitoring and discussion for epidemiology and outcome of OHCAs of non-cardiac origin are warranted to improve survival after OHCA in this group.
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